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 Table Mesa and Rattlesnake Fields are located on the Four Corners Platform, 
New Mexico, between the Paradox Basin to the north and San Juan Basin to the south.
Diagenesis is extensive and includes partial dissolution and replacement of ooids, partial 
silicification of allochems and matrix, and filling of pore space with large, blocky calcite.  
Pore types include interparticle, intraparticle, and vuggy, with much porosity lost to late 
cementation.  Porosity is greatest in cycles interpreted as regressive deposits with 
meteoric and burial diagenesis being most significant to porosity enhancement.  Sea level 
and depositional history are shown to be significantly useful in predicting patterns of 
porosity development and destruction.  These results are directly applicable to other 
economically important carbonate platforms. 
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  The petroleum reservoirs in the Pennsylvanian strata of the San Juan and 
Paradox Basin are within a well-established petroleum province (Four Corners Area) in 
northwestern New Mexico and have been extensively studied because of their economic 
importance.  Previous investigations focused primarily on the hydrocarbon reserves 
(>370 million barrels of oil) and their surrounding strata, which continue to be profitable 
after 85 years of production.
 The objectives of this study were to examine (with petrography) the 
geochemical and mineralogical history, diagenesis, and porosity distribution within the 
Desmoinesian Barker Creek Zone from the Table Mesa and Rattlesnake fields San Juan 
Platform, San Juan County, New Mexico.  The data were compared to a previously 
defined sequence stratigraphic framework (Gomez, 2003), which includes transgression 
systems tract, highstand systems tract, and lowstand systems tract.  For the purpose of 
this research, regressive cycles were also examined in conjunction with the above stated 
systems tracts.  The regressive cycle is equated with the relative fall in sea level, which 
gave rise to the falling stage systems tract (FSST) terminology first fully defined by Plint 
and Nummedal, (2000).   Interpreting data within a stratigraphic framework of three 
Rattlesnake and four Table Mesa wells resulted in a history of development and 
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destruction of porosity values, which can be applied to other fields in the San Juan and 
Paradox basin as well as petroleum fields in West Texas and international localities of the 
Republic of Kazakhstan in Central Asia (O’Hearn et. al., 2003).   Data were collected 
through: visual, petrographic, scanning electron microscope (SEM), field emission 
scanning electron microscope (FESEM), and XRD analyses of more than 750 ft (230 m) 
of slabbed Pennsylvanian (Desmoinesian (Barker Creek zone)) core.  Study was focused 
primarily up on the porosity and diagenetic fabric distribution, with respect to their 
enhancement and occlusion.   
 Porosity was examined to determine the time of formation within the stratigraphic 
framework by observing the quantity that was of primary (pre-depositional and 
depositional) versus secondary (eogenetic, mesogenetic, and telogenetic).  A 
methodology of linking porosity values to subaerial exposure surfaces and their relative 
exposure time was examined in order to further test the hypothesis (Saller et. al., 1999).
 Cementation and the distribution of diagenetic fabrics were examined to 
determine/establish the stages of meteoric alteration through vadose zone (meniscus and 
micro-stalactitic cements) and phreatic zone morphologies (isopachous and blocky 
cements).  The alteration of exposed platforms during uplift or sea-level lowstands aids in 
the determination of a parasequence timeline (Saller et. al., 1999).    
 Late ferroan calcite precipitation was examined in the greatest detail using all 
petrographic approaches including staining petrography and SEM.  It proved to be the 
most significant contribution to porosity reduction.
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Geologic Setting 
 The Four Corners region, which includes Table Mesa and Rattlesnake fields of 
Pennsylvanian (Desmoinesian) age (Fig. 1), is located in the northwestern corner of San 
Juan County, New Mexico (Fig. 2).  The San Juan platform is the southern boundary of 
the Paradox Basin, which is the southwestern fault depression of the Uncompaghre uplift 
(Fig. 3).  The Four Corners platform, Defiance Zuni uplift, and the Monument upwarp all 
bound the Paradox Basin to the south; and to the west by the Circle Cliffs and Emery 
uplifts.
 The Four Corners platform is bounded by the San Juan Basin (southeast), San 
Luis uplift (northeast), and the Defiance Zuni uplift (southwest) (Fig. 4).  The geologic 
setting and the confining structures determine the extent of the facies, which are 
interpreted as: non-skeletal packstone-grainstone, skeletal packstone-grainstone, chaetetid 
boundstone, porous algal grainstone-boundstone, calcareous siltstone, nodular 
wackestone-packstone, mud-rich algal mudstone-wackestone, oil-rich mudstone-
wackestone, and black laminated mudstone (Dunham, 1962).   
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Figure 1:   Pennsylvanian stratigraphic column for the Paradox Basin area showing  
 Barker Creek study area (modified after Gomez, 2003 and Baars et al., 1983).   
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Figure 2:   Highway map depicting the Four Corners area (modified after 
http://www.wildernesswayadventures.com/contact.html, 2009). 
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Figure 3:   Pennsylvanian (including Desmoinesian) isopach (numbers indicate thickness 
 in feet) and facies distribution map of the Four Corners
 region. Paradox basin and bounding structural features are labeled. The Four 
 Corners Platform is identified as a Pennsylvanian paleo-high that separated 
 the Paradox Basin, to the northwest, from the San Juan Basin, to the southeast, 
 during times of low sea-level. Shelf carbonates are outlined in a blue hatch 
 pattern (modified after Gomez, 2003 and Peterson & Hite, 1969). A schematic 
 southwest-northeast cross section (light blue line of section) of carbonate to 
 evaporite facies and underlying structure is observed in Figure 4. 
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Figure 4:   Structural lineament map of the Colorado Plateau and Four Corners region. 
 The stress-strain ellipsoid indicates the       maximum compressive stress is 
 directed from the north, accommodating the formation of a northwest-
 southeast trending uplifts (i.e., Uncompaghre and San Luis Uplifts) and series 
 of uplifts that trend overall northwest southeast (i.e., Circle Cliffs, Monument, 
 Defiance, and Zuni Uplifts). The study area is located on the Four Corners 
 Platform (modified after Gomez, 2003 and Baars et al., 1981). 
7
Figure 5:   Schematic southwest-northeast cross section of Desmoinesia and Atokan time 
 across the Paradox Basin (see Fig. 3 for approximate line of section) 
 (modified after Gomez, 2003 and Baars et al., 1981).    
Tectonic Setting 
The dominant stress regime of the Four Corners region (Figure 4) is linked to the 
collision between Gondwana and Laurentia during the Late Paleozoic (Baars and 
Stevenson, 1986).  These compressive forces, which lasted from the Middle 
Pennsylvanian (Desmoinesian) into the Permian, generated a northwest-southeast
trending pattern of uplifts: Uncompaghre, San Luis, Circle Cliffs, Monument, Defiance, 
Zuni, and Kaibab.  Figure 4 shows associated pull-apart basins of the Paradox and San 
Juan regions (Baars and Stevenson, 1986). Unlike the Paradox basin, however, the San 
Juan basin had no southern boundary; therefore the San Juan basin was always inundated 
by marine seaways during transgression.  Figure 6 illustrates how ancient seaways 
advanced through accessways during transgression cycles throughout the Desmoinesian 
(Tischler, 1995).  The Cabezon Accessway (San Juan basin) is bounded to the northwest
8
by the San Juan platform, which was subjected to shallow marine conditions during 
transgressions and sea level highstands, while subaerial exposure surfaces appeared 
during eustatic sea-level drops.
Figure 6:   Map of possible marine currents into the Paradox Basin during the 
 Desmoinesian (modified after Gomez, 2003 and Tischler, 1995). During times 
 of high sealevel relative lows, mostly located between uplifts, served as 
 marine accessways into the Paradox Basin. During times of low sea-level, the 
 Paradox Basin was restricted from marine influx, accommodating the 
 deposition of large amounts of evaporites within the boundaries of the basin.
Depositional Setting 
 During the Desmoinesian, four dominant lithologies were deposited in the Four 
Corners region: coarse clastics associated with the Uncompaghre-San Luis uplift, cyclic 
evaporites deposited in the structurally restricted Paradox Basin, shallow marine 
9
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platform-carbonates deposited in the southwestern portion of the Paradox Basin and on 
the Four Corners Platform, and normal marine-carbonates and transgressive-shales
deposited along the southwestern portion of the Four Corners Platform and within the 
San Juan Trough (Wengerd and Matheny, 1958; Peterson and Hite, 1969; Baars and 
Stevenson, 1986).  The cyclicity of these four dominant lithologies has been related to 
glacio eustatic sea level changes associated with fluctuations in the size of Gondwana ice 
cap (Hite and Buckner, 1981; Goldhammer, Oswald, and Dunn, 1991).
CHAPTER II 
METHODS 
Core Description and Sample Selection 
 Seven slabbed cores from Rattlesnake and Table Mesa fields were 
examined based on a previous sequence stratigraphic framework assembled by Gomez 
(2003).  Fifty-four samples of core from wells: RS #135 (7), RS #136 (11), RS #142 (5), 
TM #3-18 (15), TM #24 (7), TM #28 (6), and TM #29 (3) were collected for thin 
sectioning based on their position within the stratigraphic framework (transgression 
systems tract, highstand systems tract, falling stage systems tract (regressive cycle), and 
lowstand systems tract).  Samples were also selected based on the presence of CaCO3
cements. 
Petrographic Sectioning and Analyses 
 The 54 samples were sent to National Petrographic Service, Inc. and made into 
standard petrographic thin sections.  Each section was impregnated with blue-dyed epoxy 
and no cover slips were attached.  Each of the 54 standard thin sections were stained with 
potassium ferricyanide and alizarin red-S according to the protical developed by Dickson 
(1965) to reveal the presence of dolomite and ferroan calcite.  Petrographic analysis was 
then attained by studying each of the 54 samples under transmitted light using a Nikon 
Eclipse E400 POL. Porosity percentages that were not digitally estimated by Gomez 
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(2003) were point counted petrographically (Tables 1 and 2).  Photomicrographs were 
taken of various porosity types and stages of cementation using a Nikon CoolPix 990. 
SEM Analyses 
 Five samples from Rattlesnake #142 (6,707, 6,715, 6,716, 6,729.8, and 6,735) 
were selected for SEM analysis because of their positions in the established sequence 
stratigraphic framework (LST, TST, and HST) (Table 1).  Each of the samples were 
Au/Pd coated for 30 seconds in order to gain the proper electrical conductivity using a 
Polaron SEM Coating System.  The Cambridge S360 SEM was used to examine porosity 
development and sediment textures throughout the various silisticlastic and carbonate 
strata of RS #142 at a magnification range of  59 (x) – 13000 (x) and 15.0 KV. 
FESEM Analyses
 One sample from Table Mesa #28 (7,244.4) and one section from Table Mesa #24 
(7,195.9) were selected for FESEM analyses because of their relative abundance in 
ferroan calcite (3-8% infill) (Table 2).  Each thin section was polished to remove the 
potassium ferricyanide and alizarin red-S stains to prior to examining each section using 
the FESEM to generate elemental maps across zones rich in ferroan calcite.  A standard 
felt-lined rock polisher with 0.3 μm of aluminum oxide was used for approximately one 
minute to polish off the previous staining.  The JEOL JSM-6500F FESEM was used to 
magnify previously stained ferroan calcite crystals that display multigenerational iron 
content.  An X-ray analysis (elemental map) was accomplished using an INCA spectrum 
processor set at four iterations and normalized processing to verify degrees of iron 
abundance.  Lastly, the FESEM was adjusted to register the backscatter electrons (15.0 
12
kV and WD 25.6 mm) in order to illuminate the higher atomic numbered elements in the 
field of view (Fe 26, Ca 20, and Si 14), which generalizes the elemental abundance of 
iron, calcium, silicon, and other less abundant elements. 
XRD Analyses
 X-ray diffraction patterns and analyses were accomplished using a Philips X'Pert 
System Powder Diffractometer equipped with a theta-theta goniometer, ceramic X-ray 
tube, and Xccelerator detector.  Thirty-seven core fragments that correspond to the 
previously prepared thin sections were crushed into a fine powder using a mortar and 
pestle and evaluated on the basis of dolomite presence ((2Ø) range of 28º - 33º) to ensure 
a mineralogical consistency and give confirmation to petrographic analyses.  Six of the 
micrite-rich samples (TM29 – 7,023.9, TM3-18 – 7,073.6, 7,076, RS136 – 6,550.9, 
6,541.9, and 6,595) were X-rayed on a whole-rock basis ((2Ø) range 5º - 60º) to examine 
their complex mineralogy (Table 2).    Each of the X-ray patterns were interpreted and 
compiled based on their mineralogical components.   
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Table Mesa Field Analytical Methods 
EXAMINATION METHODOLOGY 
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Initially, all 750 feet of slabbed Pennsylvanian core were arranged and visually 
examined for sequence stratigraphic accuracy, based on the previously defined work of 
Gomez (2003).  The sequence stratigraphic model developed by Gomez (2003) indicated 
that facies are packaged into high-frequency cycles using depositional energy and base-
level interpretations (Figures 46-54).  Diagenesis is extensive throughout the sequence 
stratigraphic framework with partial dissolution and replacement of ooids, partial 
silicification of allochems and matrix, and filling of pore space with equant spar (length 
to width ratio of less than 1.5 to 1 approximately 10-25 μm) and large blocky spar (length 
to width ratio of greater than 1.5 to 1 approximately 200-400 μm) cements (Figures 7 & 
8).  After visual examination of the carbonate core, it can be concluded that the identified 






Figure 7:   TM3-18 7,033 – Photomicrograph of equant calcite (EC) with an average size  






Figure 8:   RS136 6,550.9 – Photomicrograph of large blocky calcite (LBC) with an  
      average size of 200-400 μm.   
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Transgressive Systems Tracts 
General Characteristics 
Eight petrographic thin sections are representative of a transgressive systems 
tracts, which are floored by the Middle Barker Creek and Top Alkali Gulch exposure 
surfaces, found within each of the Rattlesnake and Table Mesa limestone-cores were 
examined in depth (Appendix A).   Each of the eight samples contains a large percentage 
of micrite along with an abundance of allochems (foraminifera, coral and bivalve 
fragments, and ooids).  All transgressive intervals examined continue to share the 
characteristic traits of a meteoric diagenetic environment including: complete dissolution 
of original grains, primary and secondary porosity loss, and an average of 1-2% moldic 
porosity.  Bi-generational ferroan calcite is present in a range of 5-10%, which is a 
greater abundance compared to its volume in lowstand systems tracts. 
   
Rattlesnake 135 
One sample (6851), is representative of a trangressive systems tract in Rattlesnake 
135, was examined.  Approximately <1% porosity is found within the interval.  The 
majority of the section is composed of micrite, with occasional foraminifera.  Quartz and 
siliclastic silt dominate the mineralology of the upper 0.7 mm of the section. 
   
Rattlesnake 136 
One sample (6641.4), is representative of trangressive systems tracts in 
Rattlesnake 136, was examined.  Approximately 2-3% moldic secondary porosity is 
found within the interval, with the majority of the matrix composed of bio-micrite.  
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Moldic porosity has been partially reduced through cementation by blocky meteoric 
calcite cement. 
   
Table Mesa 24 
One sample (7,246.3), is representative of trangressive systems tracts in Table 
Mesa 24, was examined.  Approximately <1% moldic secondary porosity is found within 
the interval.  Majority of the section is composed of biomicrite, with porosity loss due to 
multigenerational ferroan calcite cementation.  Pressure induced fracture is infilled with a 
combination of micrite and chloritic clay. 
   
Table Mesa 28 
Two samples (7,244.4 and 7,321.9), are representative of transgressive systems 
tracts in Table Mesa 28, were examined.  Both intervals contain <1% porosity with a 
majority of each section composed of biomicrite.  Allochems noted are coral and bivalve 
fragments, ooids, and foraminifera.  Section 7,244.4 is half chert and half biomicrite 
separated by a thin layer of blocky ferroan calcite (Figure 9).  Normal length-fast, 
allochem replacement, chalcedony is also present in minor amounts in section 7,244.4 
(Figure 10).  Section 7,321.9 contains <1% of blocky ferroan calcite and chloritic clay, 




















Figure 10:   TM28 7,244.4 – Photomicrograph of chalcedony (C) supported by a micrite    
        (M) matrix.  
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Table Mesa 29 
 One sample (7,011), is representative of transgressive systems tracts in Table 
Mesa 29, was examined.  The interval contains <1% porosity with a majority of the 
section composed of biomicrite.  Approximately 5% of moldic porosity loss is from 
cementation of multigenerational ferroan calcite (Figure 11).  Blocky calcite spar with 
syntaxial overgrowths (burial diagenesis) is also responsible for the loss of porosity 
(Figure 12).  Trace amounts of meteoric early cements neomorphosed and overprinted by 
late blocky calcite spar are present within this section.  Siliclastic quartz is represented as 






Figure 11:   TM29 7,011 – Photomicrograph of an allochem with intraparticle porosity 
 loss to multigenerational ferroan calcite (FC) cementation.  Syntaxial                                     
 overgrowths (SO) are present in ferroan calcite.  Quartz patches can also be             









Figure 12:   TM29 7,011 – Photomicrograph of syntaxial overgrowths (SO) surrounded 
 by micrite (M) matrix.  
 
Table Mesa 3-18 
 
 Two samples (7,066.8 and 7,114.9), are representative of transgressive systems 
tracts in Table Mesa 3-18, were examined.  Both intervals contain 1-2% mostly primary 
porosity in the form of fractures/veins with a majority of each section composed of 
biomicrite.  Fractures within each section are partially filled by chloritic clay.  Secondary 
moldic porosity has been reduced by blocky calcite spar followed by some late-stage 
multigenerational ferroan calcite.  Chalcedony is also present within each section as a 






Scanning Electron Microscopy (SEM) Analysis
Rattlesnake 142 
Two SEM micrographs from thin sections RS142 6,729 and 6,729.8, which are 
floored by the Top Alkali Gulch exposure surface, were examined.  Both samples are 
primarily composed of large blocky calcite with syntaxial overgrowths (Figures 13 and 
14).  Also, no porosity was viewed in these two samples during the SEM investigation.   
 
 



















Figure 14:   RS142 6,729 – SEM Photomicrograph of blocky calcite spar.   
 
Field Emission Scanning Electron Microscopy (FESEM) Analysis
 
Table Mesa 28 
One section (TM28 7,244.4), which was taken from a transgressive systems tract 
and contains approximately 3% ferroan calcite was examined (Table 3).  Five areas 
(projects) within the same thin section (TM28 7,244.4) that contain multigenerational 
blocky and ferroan calcite were elementally analyzed to verify a measurable weight 
percent increase in iron as cementation occurred (data points) (Appendix C).  Two 
fractures, one calcite crystal, and two areas containing mutigenerational ferroan calcite 
were each elementally analyzed at various locations within their structures.  All transects 
analyzed revealed a change in weight percent iron across selected calcite crystals, 
cemented fractures, and zones of depositional change.  Transect 2, a calcite crystal, 
validates the premise of crystal growth throughout deposition.  Consequently, the center 
of the crystal contains the least amount of weight percent iron (early formation) with the 
outside limits containing the greatest amount of iron (late reducing environment).  The 
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weight percent iron generally increases toward the center of the fracture, which 
characterizes the formational timeline as outside (1st) to inside (2nd) process (Figure 15).  
 
Table 3 
Iron Weight Percent across Zones Containing Multigenerational Calcite    
 












(Fracture) 0.06 0.2 0.27 0.15 0.12 N/A 
Transect 2 
(Crystal) 0.17 0.14 0.09 0.14 N/A N/A 
Transect 3 
(Fracture) 0.21 0.09 0.14 0.24 0.16 0.33 
Transect 4 
(Zone) 0.31 0.2 0.15 0.12 N/A N/A 
Transect 5 
(Zone) 0.04 0.13 0.11 0.11 0.09 0.12 

































Figure 15:   TM28 7,244.4 – Photomicrograph of the five data point locations in 
 Transect 1 from Table 1 illustrating the darker regions of multigenerational 
 ferroan calcite in the center of the fracture contain a greater weight percent 
 iron. 
 
Highstand Systems Tracts 
General Characteristics 
Nine petrographic thin sections representing highstand systems tracts, which are 
floored by the Middle Barker Creek and Top Alkali Gulch exposure surfaces, found 
within each of the Rattlesnake and Table Mesa limestone-cores were examined in depth.   
Each of the nine samples contains an allochem suite similar to the other systems tracts 
including: bivalve and gastropod fragments, coral fragments, foraminifera, and ooids.  
Primary porosity surrounded by a micrite matrix is more abundant.  Secondary porosity 
still quantifies the majority of residual porosity.  Late calcite cementation is the primary 




Two samples (6,731.2 and 6,750.1), are representative of highstand systems tracts 
in Rattlesnake 142, were examined.  Both intervals contain 1-5% mostly moldic 
secondary porosity with occasional primary porosity in the form of fractures/veins with a 
majority of each section composed of biomicrite (Figures 16 & 17).  Siliclastic quartz and 
organic material are found within each of the sections.  Reduction of primary porosity is 





Figure 16:   RS142 6,750.1 – Photomicrograph of secondary porosity (SP) found within 
 the individual chambers of a fusulinid.  Porosity reduction is due to 






Figure 17:   RS142 6,750.1 – Photomicrograph of secondary porosity (SP) within a 
 micrite matrix (M).       
 
Rattlesnake 136 
 Two samples (6,550.9 and 6,595), are representative of highstand systems tracts 
in Rattlesnake 136, were examined.  Interval 6,595 contains 2% moldic secondary 
porosity.  Majority of each section is composed of micrite matrix surrounding allochem 
grains with no (0%) residual porosity.  Secondary porosity in both intervals was initially 
reduced with a development of siliclastic cementation.  Later-stage blocky calcite cement 
continued to diminish porosity values (Figures 18 & 19).  Section 6,595 contains 
generous amounts (10-15%) of organic material and chloritic clay.  Gastropods, bivalves, 
















Figure 18:   RS136 6,550.9 – Photomicrograph of secondary porosity loss by siliceous 
 quartz cementation (S) followed by late-stage blocky calcite (BC).  

















Figure 19:   RS136 6,595 – Photomicrograph of a coral fragment (C) with initial 
 secondary porosity loss due to cementation by equant calcite (EC) followed 
 by a final siliceous quartz (S) pore-filling event. 
 
Table Mesa 24 
One sample (7,174.2), is representative of highstand systems tracts in Table Mesa 
24, was examined.  The interval contains <1% porosity with a majority of the section 
composed of biomicrite.   Late blocky calcite spar is a dominant porosity-reducing agent 
within fractures. 
   
Table Mesa 28 
Two samples (7,234.2 and 7,290.2), are representative of highstand systems tracts 
in Table Mesa 28, were examined.  Each section contained <1% porosity.  Micrite 
dominated each sample analyzed.  The majority of the allochems are completely 
micritized.  Late blocky calcite is present in section 7,234.2 as random patches, while it 
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appears within section 7,290.2 as cementation that reduces porosity in fractures.  Section 
7,290.2 also contains late ferroan calcite and opaque pyrite. 
   
Table Mesa 3-18 
Two samples (7,109 and 7,111.9), are representative of highstand systems tracts 
in Table Mesa 3-18, were examined.  Thin section 7,109 contains 3-5% porosity 
(approximately/equally distributed between primary and secondary (moldic)), while 
section 7,111.9 contains a 5-10% porosity, most of it primary.  Within each section, 
porosity reduction is from cementation by late, blocky calcite.  Ferroan calcite is only 
present in section 7,109 as random, late cemented locations. 
   
Falling Stage Systems Tracts 
General Characteristics 
Twenty-one petrographic thin sections taken from falling stage systems tracts 
were examined within both of the Rattlesnake and Table Mesa limestone-cores.  The thin 
sections characteristically share several qualities to include: late blocky calcite, some late 
ferroan calcite, and porosity dominated by early primary development. 
   
Rattlesnake 142 
One sample (6,706), is representative of a falling stage systems tract in 
Rattlesnake 142, was examined.  The interval contains 1-5% primary porosity, with 
occasional moldic secondary porosity.   Gastropod and bivalve fragments, foraminifera, 





Four samples (6,504.1, 6,514.1, 6,592.8, and 6,617.6), are representative of a 
falling stage systems tract, in Rattlesnake 136 were examined.  Sections 6,514.1 and 
6,592.8 contain 1-5% and 5-10% primary porosity, respectively.  Porosity reduction 
within each of these sections is from equant calcite cementation.  Siliclastic quartz grains 
are also found, in a random fashion, in each of the previously mentioned sections (Figure 
20).  Sections 6,504.1 and 6,617.6, however, contain <1% porosity and are 
overwhelmingly rich in allochems including: gastropod/bivalve fragments, and ooids 





Figure 20:   RS136 6,514.1 – Photomicrograph of diagenetic quartz (Q) and late-stage 






Figure 21:   RS136 6,617.6 – Photomicrograph of allochems (A) in a micrite matrix (M). 
 
Rattlesnake 135 
Four samples (6,817, 6,817.7, 6,820.5, and 6,867.9), are representative of a falling 
stage systems tract, in Rattlesnake 135 were examined.  Sections 6,817, 6,817.7, and 
6,867.9 contain between 1-5% stylolite-associated and moldic secondary porosity.  Three 
sections include an allochem suite composed of: ostrocod and brachiopod fragments, and 
in lesser amounts, coral and foraminifera.  Section 6,820.5 has <1% porosity, with most 
of the entire sample cemented by large, blocky calcite and occasional patches of ferroan 
calcite and siliclastic quartz.  Section 6,817 is dominated by stylolite-associated porosity 
that tends to truncate surrounding grains and contains hydrocarbon residue, siliclastic 
quartz, and late, blocky calcite spar (Figures 22 & 23).    Dolomite with nonplanar 
intercrystalline boundaries replaces pink, blocky calcite spar within portions of section 






Figure 22:   RS135 6,817 – Photomicrograph of stylolite-associated porosity (SP), 





Figure 23:   RS135 6,817 – Photomicrograph of hydrocarbon residue (HR) trapped within 








Figure 24:   RS135 6,817.7 – Photomicrograph of euhedral, authigenic pyrite seen under 
 reflective light (P).   
 
Table Mesa 24 
Two samples (7,207.5 and 7,225.1), are representative of a falling stage systems 
tract, in Table Mesa 24 were examined.  Section 7,207.5 contains 5-10% primary 
porosity with lesser amounts of moldic, secondary, while section 7,225.1 contains <1% 
porosity values.  Each sample includes an allochem suite of: bivalve fragments, 
foraminifera, and ooids.  Also, each section contains a percentage of micrite infill with 
sample 7,225.1 dominated by micrite.  Section 7,207.5 includes equant calcite spar and 
even later ferroan calcite cementation.  Chloritic (green) clay is present within sample 





Table Mesa 28 
Two samples (7,265.9 and 7,273), are representative of a falling stage systems 
tract, in Table Mesa 28 were examined.  Section 7,273 contains 1-5% primary porosity 
with occasional moldic, secondary, porosity while section 7,265.9 has <1% intercrystal 
primary porosity in large, blocky calcite spar (Figure 25).  Both samples contain 
multigenerational calcite and ferroan calcite (Figure 26).  Section 7,273 contains chloritic 
(green) clay as a minor infill constituent.  Each sample contains bivalve fragments, 
foraminifera, and ooid allochems.  
 
PP
Figure 25:   TM28 7,273 – Photomicrograph of primary porosity (PP) being reduced by 





Figure 26:   TM28 7,273 – Photomicrograph of multigenerational, large, blocky calcite.  
 The later stage (pink/purple stained) calcite (LSC) follows the earlier stage 
 (pink stained) calcite (ESC).       
 
Table Mesa 29 
One sample (7,026.4), which represents a falling stage systems tract in Table 
Mesa 29, was examined.  The majority of the section is biomicrite with stylolites 
resulting in <1% porosity in this section.  Chloritic clay and blocky ferroan calcite greatly 
reduce stylolite-associated porosity values. 
   
Table Mesa 3-18 
Seven samples (7,025.8, 7,033, 7,037.2, 7,043.5, 7,086.3, 7,096, and 7,101.2), 
which represent a falling stage systems tract in Table Mesa 3-18 were examined.  All 
seven sections contain between 0-2% porosity, with blocky calcite, ferroan calcite, and 
micrite cementation acting as the reducing constituents.  Multigenerational ferroan calcite 
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is represented within sections 7,037.2, 7,043.5, and 7,101.2 (Figure 27).  Also, most 
samples are matrix-supported biomicrite (7,043.5 and 7,096) or biosparite (7,037.2, 
7,086.3, and 7,101.2).  Sections 7,025.8 and 7,033 contain a supporting matrix primarily 
composed of chloritic (green) clay and siliclastic quartz fragments.  An allochem suite 
including: foraminifera, bivalve fragments, and coral fragments dominate the grains 
within all seven samples (Figure 28).  Hydrocarbon residue remains trapped in vuggy 
porosity zones in sections 7,025.8 and 7,096 (Figure 28).  Mechanical compaction in the 
form of loading is characterized by distortion of foraminifera in section 7,033 (Figure 





Figure 27:   TM3-18 7,025.8 – Photomicrograph of multigenerational ferroan calcite (FC) 
 cementation illustrated by change in color from pink to blue within a single 
 crystal, surrounded by siliceous quartz (S).  Ferroan calcite is the last phase, 
























Figure 28:   TM3-18 7,033 – Photomicrograph of fusulinid (F) with chambers filled by 
 equant calcite spar supported by a matrix containing abundant siliclastic clay 





























Figure 29:   TM3-18 7,025.8 – Photomicrograph of hydrocarbon residue (HR) within a 
 vuggy porosity zone, which was confirmed with reflective light, surrounded 













Figure 30:   TM3-18 7,033 – Photomicrograph of echinoderm crinoid-columnal (C) that 
 has been distorted due to mechanical compaction to include oblong shape and 
 fracturing (F).  Crinoid-columnal that has not been distorted (CC).     
 
Scanning Electron Microscopy (SEM) Analysis
Rattlesnake 142 
  Fifteen SEM micrographs from thin sections RS142 6,707, 6,715, and 6,716.1, are 
representative of falling stage systems tracts, were examined.  All samples contain blocky 
calcite spar and residual primary porosity that survived the diagenetic processes (Figure 
31).  The porosity is reduced by late-forming, blocky calcite cement.  Siliclastic quartz 
grains are present within sections 6,716 and 6,716.1 (Figure 32).  Sample 6,716.1 also 






Figure 31:   RS142 6,716 – SEM Photomicrograph of primary porosity (PP) that is 




Figure 32:   RS142 6,716.1 – SEM Photomicrograph of siliclastic quartz crystal (possible 













Figure 33:   RS142 6,716.1 – SEM Photomicrograph of brachiopod fragments (BF) 
 within equant calcite.   
 
Lowstand Systems Tracts (Subaerial Exposure Surfaces) 
General Characteristics 
Eleven petrographic thin sections, are representative of the Middle Barker Creek 
and Top Alkali Gulch exposure surfaces, found within each of the Rattlesnake and Table 
Mesa limestone-cores were examined.   These grain-supported rocks contain a variety of 
allochems and silt-size siliclastic quartz fragments.  Each of the 11 lowstand systems tract 
samples shared the characteristic traits of a meteoric diagenetic environment including: 
complete dissolution of original grains, primary and secondary porosity loss, and <1% 







 Two samples (6,693.1 and 6,738.2), are representative of lowstand systems tracts 
in Rattlesnake 142 were examined (Figures 34 & 35). Each interval contained 
approximately 0% porosity with massive amounts of allochems such as: foraminifera, 
bivalve fragments, and gastropods.  Siliclastics were also present in the form of silt and 
quartz fragments.  Each thin section contained a small percentage (<1%) of blocky calcite 








Figure 34:   RS142 6,693.1 – Photomicrograph of a variety of allochems: fusulinin (F), 
 sponge spicule (SS), ostracode (O), and gastropod (G) all infilled with                                     








Figure 35:   RS142 6,693.1 – Photomicrograph of a stylolite with a concentration of 
 siliclastic material (S) surrounded by micrite (M). 
 
Rattlesnake 135 
Two samples (6,798.7 and 6,805.2), are representative of lowstand systems tracts 
in Rattlesnake 135 were examined.  Unlike other lowstand deposits examined, each 
interval characterized by the Middle Barker Creek exposure contains percentages of chert 
(Figure 36).  Each lowstand sample, however, shared the similarity of having <1% 
porosity, which is only present in fractures.  Intense late-stage ferroan calcite can be seen 
within sample 6,798.7 (Figure 37).  Allochem replacement with length-fast chalcedony is 



























Figure 36:   RS135 6,798.7 – Photomicrograph of micrite (M) overlain by chert (C) with 

































Figure 37:   RS135 6,798.7 – Photomicrograph of chert (C) with a fracture infilled with 
 multigenerational ferroan calcite (F) stained mauve pink.  Lines in blue 
 epoxy (E), as seen earlier in Figure 17 p. 29, are scratch marks made during 















Figure 38:   RS135 6,798.7 – Photomicrograph of allochem replacement by length-fast 
 chalcedony (C).   
Table Mesa 24 
 Three samples (7,192.2, 7,195.9, and 7,238.2), are representative of lowstand 
systems tracts in Table Mesa 24 were examined.  Each sample contained <1% porosity, 
blocky calcite spar, and variable amounts of ferroan calcite (Figure 39).  Interval 7,195.9 
contains large amounts (8%) of initial and late ferroan calcite, which formed in different 
stages of burial diagenesis (oxygen-poor versus oxygen-rich environments).  Diagenetic 
fibrous quartz and quartz overprinting can be seen in interval 7,195.9, predated by calcite.  
Authigenic pyrite has crystallized within the rock and can be seen throughout interval 




















Figure 39:   TM24 7,195.9 – Photomicrograph of multigenerational ferroan calcite with 
 pink representing initial development (IC) and blue representing late stage 
 development (LC).  Quartz fragments (QF) and quartz infilling (QI) are 





Figure 40:   TM24 7,195.9 – Photomicrograph of authigenic pyrite (P).   
 
Table Mesa 29 
One sample (7,023.9), is representative of a lowstand systems tract in Table Mesa 
29 was examined.  The interval contains 1-2% porosity in the form of both primary 
interparticle and secondary moldic.  Approximately 2% of ferroan calcite is present in the 
form of meteoric blocky calcite. 
    
Table Mesa 3-18 
Three samples (7,076.2, 7,079.8, and 7,082), are representative of lowstand 
systems tracts in Table Mesa 3-18 were examined.  Each of the three samples contained 
<1% porosity, a heavy abundance of siliclastics in the form of quartz and chloritic clay, 
and possible organics (Figure 41).  In variable amounts, late blocky calcite spar, micrite, 
and an allochem suite containing benthic foraminfera, ooids, pelloids, and bivalve 
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fragments are present in each of the samples.  Section 7,076.2 contains heavy minerals in 
the form of authigenic pyrite.  Interval 7,079.8 contains pressure induced dissolution in 









Figure 41:   TM3-18 7,076.2 – Photomicrograph of an allochem infilled by blocky calcite 
 spar supported by a quartz fragment (QF) and chloritic clay (CC) matrix.  
 Pyrite can be seen as the opaque mineral (P) within the allochem.  The pyrite 













Figure 42:   TM3-18 7,079.8 – Photomicrograph of a styolite infilled with residual quartz 
 grains (Q), siliclastic clay (SC), and calcite (C).   
 
Scanning Electron Microscopy (SEM) Analysis
Rattlesnake 142 
Five SEM micrographs from thin section RS142 6,735, are representative of the 
Top Alkali Gulch exposure surface, were examined.  All of the micrographs contain a 
dominant micrite matrix supporting occasional blocky calcite spar (Figure 43).  The 
sample contains <1% porosity, which is illustrated in the micrographs as moldic 
secondary (Figure 44).  Porosity associated with fractures has been reduced by blocky 







Figure 43:   RS142 6,735 – SEM Photomicrograph of micrite matrix (MM) supporting 



















Figure 44:   RS142 6,735 – SEM Photomicrograph of secondary porosity (SP) within a 




























Figure 45:   RS142 6,735 – SEM Photomicrograph of a fracture, where porosity has been 

















Stratigraphic Columns for Rattlesnake 142, 136, & 135 Cores 
 
6706 & 6707 
6715 & 6716.1 







Figure 46:   Stratigraphic column of core from well Rattlesnake 142 illustrating depth of  












Figure 47:   Stratigraphic column of core from well Rattlesnake 136 illustrating depth of                     
















Figure 48:   Stratigraphic column of core from well Rattlesnake 135 illustrating depth of     






Sample I.D. & 
Location
 
Figure 49:   Stratigraphic column legend for core from wells Rattlesnake 142, 136, & 135  




























Figure 50:   Stratigraphic column of core from well Table Mesa 24 illustrating depth of     











Figure 51:   Stratigraphic column of core from well Table Mesa 28 illustrating depth of   











Figure 52:   Stratigraphic column of core from well Table Mesa 29 illustrating depth of    






















Figure 53:   Stratigraphic column of core from well Table Mesa 3-18 illustrating depth of  
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Location
 
Figure 54:   Stratigraphic column legend for core from wells Table Mesa 24, 28, 29, & 3-   
        18 cores (modified after Gomez, 2003). 
CHAPTER IV 
DISCUSSION 
 Approximately, 750 feet of Pennsylvanian (Desmoinesian) Barker Creek 
zone core from seven wells in Rattlesnake and Table Mesa oilfields, San Juan County, 
New Mexico were evaluated for porosity development/reduction and compared to a 
previously defined sequence stratigraphic framework.  The Barker Creek zone 
depositional environment has been interpreted as a low-angle shelf system with low, 
moderate, and high energy facies.  The sequence stratigraphic model for the Barker Creek 
zone, developed by Gomez (2003) includes a group of facies packaged into high-
frequency cycles based on progadational, aggradational, and retrogradational stacking 
patterns. 
Porosity Development and Preservation 
  Each of the defined systems tracts (transgressive, highstand, falling stage, 
and lowstand) contained varying types and percentages of porosity.  Notably, secondary 
porosity created through meteoric and burial diagenetic processes dominates the current 
percentages of pore-space within all, except falling stage systems tracts.    Early 
interpartical primary porosity is found in the greatest of percentages within the falling 
stage systems tract.  Transgressive and highstand systems tracts within the Barker Creek 
zone cores contain approximately 0-8% averaged porosity, which is largely secondary 
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moldic with minor amounts of fracture porosity (Chart 1).  Late highstand systems (near-
falling stage) can contain 5-10% primary porosity.  Permeability data provided to Gomez 
(2003) from Conoco, Incorporated, within the transgressive system is <1% with the 
residual amount found within pressure induced fractures,  however, Table Mesa #3-18 
contains highstand systems that have preserved primary porosity accompanied with 0.1-
119 mD permeability (Chart 2). 
CHART 1 



























Permeability Values Found Within Table Mesa #3-18, Which Illustrates the Greatest 
Percentages Found Within Highstand Tracts 























  Falling stage systems tract contain the majority of preserved primary 
porosity found within the Barker Creek zone.  Rattlesnake’s 142, 136, 135, and Table 
Mesa’s 3-18 contain the majority of their preserved porosity, without respect to 
secondary or primary porosity values, within the falling stage systems tract (Chart 3 & 
Appendix D).  Stylolite associated porosity is also found within the regressive cycles.
The regressive cycles within the seven cores from Rattlesnake and Table Mesa fields 
contain secondary porosity in minor amounts.  
66
CHART 3 
Porosity Values Found Within Rattlesnake #136, Which Illustrate the Falling Stage 





















  Lowstand systems tracts, within the samples analyzed, contain <1% 
porosity, primarily within pressure induced fractures.   The occasional secondary moldic 
and interpartical primary porosities are observed as very minor constituents within 
lowstand systems. 
Porosity Reducing Agents 
  The majority of porosity within the highstand, falling stage, and lowstand 
systems tracts was reduced by late, blocky and equant calcite spar with minor amounts of 
ferroan calcite cementation.   Meteoric diagenesis initially filled primary pore space.  
Allochems susceptible to solubility dissolved, creating waters saturated with respect to 
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CaCO2 which, eventually re-precipitated as meteoric cement further reducing primary 
porosity.  Loading pressure also led to the reduction of both residual primary and 
secondary porosities.  Porosity that managed to survive mechanical compaction was filled 
with late-stage blocky and equant cementation.  The CaCO2 solution of dissolved 
allochems was again redistributed throughout the subsurface stratigraphy.  The reduction 
of porosity, even within individual allochems, can occur in several stages of porosity 
diminishment.  Secondary and primary porosity are initially reduced with equant or 
blocky calcite spar at the onset of burial, while ferroan calcite completes the infilling of 
pore space as pore waters become a reducing environment.   
  Transgressive systems tracts within both Rattlesnake and Table Mesa 
fields have lost the majority of their porosity lost to ferroan calcite, and contain up to 
13% porosity (Gomez, 2003), with the bulk being secondary moldic.   Similar to the other 
systems tracts, the trangressive systems tract sediments were also subjected to meteoric 
dissolution and loading pressures.  All of the strata in this part of the section were 
subjected to intense pressure solution, but in the transgressive systems tract the loss of 
porosity to stylolitization is most apparent.  Precipitation at burial depths was associated 
with a more reducing environment aiding the development of ferroan calcite, which is 




Figure 55:   TM28 7,244.4 – Photomicrograph of an original ooid allochem that dissolved 
 during meteoric diagenesis.  The initial porosity reduction as an isopachous 
 rim of equant calcite stained purple, is the early ferroan calcite (EFC).  The 
 late ferroan calcite (LFC), shown in bluish-purple, filled the mold left behind, 
 the allochem porosity completing the total loss of porosity. 
Silica-Rich and Heavy Mineral Constituents  
  Micro-crystalline silica in the form of chert has also diminished the 
porosity percentage within transgressive systems tracts of Table Mesa #28.  Section 
7,244.4 of Table Mesa #28 is comprised of half chert and half biomicrite.  The shallow-
water deposition of marine chert can be attributed to silicon-accumulating plants 
(horsetails & ferns of the Pennsylvanian), which take up dissolved silica from soil pore 
waters (Vanaman, 2003).  Vanaman (2003), describes the process as a delivery system of 
soluble opaline phytoliths to coastal waters where theydissolved and nourished siliceous 
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sponges.  The over-saturation of silica within the shallow-water shelf system precipitates 
out in the form of chert.   
  Chalcedony (normal length-fast) and authigenic quartz crystals are minor 
constituents of allochem replacement and porosity reduction, within transgressive and 
lowstand systems tracts (Figure 56).  Both chalcedony and quartz are generally prevalent 
within shallower-water carbonates near nutrient-rich shelves.  The most probable 
biogenic contributors are sponge spicules and radiolarians.  A secondary silica source 
within the Barker Creek shelf system could be transported silica-rich waters from 
weathering of silicate rocks.  The precipitation of chalcedony and quartz crystals occurs 
during burial diagenesis, dependent upon burial depth and time (Figure 57).
C
Figure 56:   RS135 6,798.7 – Photomicrograph of chalcedony (C) reducing porosity 




Figure 57:   TM3-18 7,037.2 – Photomicrograph of authigenic quartz grain (AQ) with 
 euhedral to subhedral structures along with possible carbonate inclusions 
 (CI).     
  Clay and silt size silicate minerals can also be found within each of the 
systems tracts, especially the energy depleted lowstand and highstand systems tracts.  At 
intervals of low energy, clay and silt size particles drop out of suspension and get 
reworked into subsurface deposits.  Fractures and stylolites usually contain a percentage 
of siliceous silt and clay that has been left behind, undissolved. 
  Heavy minerals, usually in the form of anhedral pyrite, can be found in 
falling stage systems tracts of Table Mesa #3-18 and #24.  In each case where pyrite was 
documented within the Barker Creek zone, it is in the form of authigenic replacement 
masses up to 900 μm in size (Figure 58).  Shallow-marine sediments acquire their solid-
phase carbon, sulfur, and iron signatures through microbial decomposition of 
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disseminated organic matter (Berner, 1984).  The occurrence of authigenic pyrite can be 
related to these organic-rich zones, necessary for pyrite formation.  The porosity lost due 
to pyrite, is minuscule (< 1%) compared to that lost to early and late ferroan calcite.
P
Figure 58:   TM3-18 7,096 – Reflective light photomicrograph of authigenic pyrite mass 




  Porosity development and reduction within the Barker Creek zone of the 
Rattlesnake and Table Mesa fields is directly linked to the previously defined sequence 
stratigraphic framework.  Only generalized assumptions can be ascertained, however, 
within the context of this work.  Late highstand and falling stage systems tracts contain 
the majority of primary porosity percentages, while lowstand systems contain <1% of any 
survivable porosities.  Transgressive systems tracts contain a great quantity (up to 13%) 
of porosity; however, the majority of this porosity is secondary with very limited 
permeability.   
  The evolution of porosity through meteoric diagenesis based on the length 
of time of subaerial exposure (Saller et al., 1999) is impossible to accurately establish 
without isotopic analyses of the carbon and oxygen ratios.  The Stage 1 classification 
(generally thick cycles >4 meters with low present day porosity values) from Saller et al., 
1999 of the Desmoinesian stage of the Pennsylvanian (Strawn), experienced no or very 
brief subaerial exposure with an average porosity of 1.6-7.5%.  An initial porosity of 60-
80% was reduced to the current values primarily through physical compaction and deeper 
burialchemical compaction.  The remaining porosity was later reduced with iron-rich 
cement derived from pressure solution during burial.   
The findings illustrate that meteoric diagenesis played the most
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important role in porosity development and reduction.  Burial diagenesis in the form of 
compacted grains, stylolites, and ferroan calcite cementation is present within Rattlesnake 
and Table Mesa fields.  Equant and blocky meteoric diagenesis/cementation, however, is 
a more widespread porosity-reducing agent within the Rattlesnake and Table Mesa fields.
  Linking porosity values with an established sequence stratigraphic 
framework is feasible.  Within both of the fields examined under this study, porosity with 
suitable permeability for reservoir-grade uses is found in the greatest values during late 
highstand and falling stage systems tracts.  The greatest percentage of porosity 
(secondary) is found within the transgressive system tracts, with limited permeability.  
Additionally, when all porosity and permeability data from Rattlesnake and Table Mesa 
wells are plotted, with respect to depth, both overall values increase at greater depth, 
which contradicts rational thinking (Chart 4).  The potential for porosity and permeability 
within limestone reservoirs to sustain and even increase their percentages under greater 
loading pressures is apparent.
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CHART 4 
Porosity and Permeability Found Within Rattlesnake and Table Mesa Wells, Which 
Illustrates the Correlation between Depth and Values 



























  During this study, useable porosity and permeability is ultimately found in 
the late highstand and falling stage systems tracts.  The development and occlusion of 
porosity values within this study help to ascertain the sequence of events that lead to 
oil/gas reserve accommodation space.  The determined timeline for these seven 
Rattlesnake and Table Mesa wells is as follows: calcite marine fringe (earliest formation), 
equant calcite cement, silicification, blocky calcite cement, dolomite, stylolites, and 
ferroan calcite cement (last formation).  The importance of understanding a link between 
eustatic sea level change and porosity distribution can lead to greater acquisitions of oil 
and natural-gas found in the future.
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6,798.7 -  1 percent porosity, top 1/3 of sample is biomicrite, bottom 2/3 of sample is 
 chert, chalcedony replaces occasional allochems, ferroan calcite spar is found in 
 chert  
 
6,805.2 -  1 percent porosity, biomicritic sample, blocky spar and chalcedony replace a 
 portion of the allochems  
 
6,817 -  1.5 percent secondary moldic with some late vuggy porosity, biomicritic 
 sample, top 1/3 of sample is dominantd by styolites and accompanying 
 siliciclastics, truncated grains around styolites, residual (dead) oil, late (pink) spar 
 dissolution with late dolomite overprint 
 
6,817.7 -  4 percent secondary moldic porosity, feathery spar root cast with siliciclastics 
 deposited at the bottom, ostrocod shell near root cast along with brachiopod 
 fragments, neomorphosed micrite, porosity being infilled with late spar, meteoric 
 cement, dolomite 
 
6,851 -  1 percent porosity, top 0.7 mm is siliciclastics, majority of sample is micrite 
 with occasional allochems  
  
6,867.9 -  2.5 percent secondary moldic porosity, heavy in biomicrite, bottom of sample 
 contains ferroan calcite 
 
Rattlesnake 136 
6,504.1 -  0 percent porosity, small percent of blocky calcite spar, majority of porosity 
 infill is from late-stage ferroan calcite, allochems include bivalve and gastropod 
 fragments  
 
6,514.1 -  1 percent primary porosity with occasional secondary moldic porosity, 
 siliciclastics in the form of silt are found as infill, organics and blocky calcite spar 
 present  
 
6,525.4 -  1 percent porosity, abundant in biomicrite, blocky spar is the dominant  
 replacement mineral 
 
6,530.5 -  1 percent porosity, abundant in biomicrite with occasional patches of blocky 
 spar 
 
6,550.9 -  0 percent porosity, calcite blocky spar, > 50 percent of infill is from 




6,579 -  1 percent porosity, abundant in biomicrite, blocky spar is the dominant  
 replacement mineral  
 
6,592.8 -  2 percent primary porosity is infilled with blocky calcite spar, gastropod and 
 bivalve fragments 
 
6,595 -  3 percent primary porosity infilled with large quartz crystals, siliciclastic silt 
 and organics are abundant  
  
6,617.6 -  1 percent porosity, bivalves, gastropods, and ooids comprise the majority of 
 allochems, some ooids are deformed due to compression during loading  
 
6,626.4 -  1 percent porosity,  85 percent siliciclastics with rounded quartz grains and 
 illite clays,  14 percent calcite and siliciclastic mix, feldspar pieces, heavy 
 minerals that include pyrite, phosphatic shell fragments, and some organics   
 
6,641.4 -  2.5 percent secondary moldic porosity, heavy in biomicrite, some blocky spar 
 infill  
 
Rattlesnake 142 
6,693.1 -  0 percent porosity,  90 percent allochems that include foraminifera, bivalve 
 fragments, and gastropods, small percent of blocky calcite spar, thin veins   
 infilled with silt   
 
6,706 -  5 percent primary porosity with occasional secondary moldic porosity, 
 allochems that include ooids, foraminifera, gastropods, and bivalve fragments  
 
6,731.2 -  1 percent porosity,  90 percent allochems that include foraminifera, bivalve 
 fragments, and gastropods     
 
6,738.2 -  1 percent porosity,  90 percent allochems that include bivalve fragments and 
 gastropods, stylolites infilled with siliciclastic silt and micrite 
 
6,750.1 -  3.5 percent secondary porosity found within benthic foraminifera, occasional 
 primary porosity found in conjunction with organics 
 
Table Mesa 24 
7,174.2 -  1 percent porosity,  95 percent of section is biomicrite containing the 
 standard allochem suite, veins are infilled with large, blocky calcite spar 
 
7,192.2 -  1 percent porosity,  95 percent of section is biomicrite containing the 
standard allochem suite, veins are infilled with large, blocky calcite spar  
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7,195.9 -  1 percent porosity, high percent of late ferroan calcite that filled the high 
 volume of early porosity, some traces of marine cement, allochems that include 
 foraminifera, peloids, and bryozoan, multigenerational calcite, diagenetic quartz 
 that cuts fossils therefore calcite predates quartz and other siliciclastics 
 
7,207.5 -  5 percent primary porosity with some occasional secondary moldic porosity, 
 blocky calcite spar, allochems that include ooids and fragments of bivalves, some 
 micritic infill  
 
7,225.1-  1 percent porosity, extremely micritized with foraminifera and bivalve 
 fragments, occasional blocky calcite spar infill 
 
7,238.2 -  1 percent porosity, rich in micritized allochems, large veins that are infilled 
 with ferroan calcite spar  
 
7,246.3 -  1 percent porosity, heavily micritized with allochems, some infill is ferroan 
 calcite and some is a mixture of silt and micrite mix  
Table Mesa 28 
7,234.2 -  1 percent porosity,  90 percent biomicrite with occasional blocky calcite spar 
 found in clusters   
 
7,244.4 -  1 percent porosity, top 50 percent of section is comprised of the standard 
 allochem suite, middle/transitional zone is ferroan calcite, bottom 50 percent of 
 section is  siliciclastic chert capped at the bottom with a biomicrite rim, evaporate 
 nodule, abundant length fast chalcedony 
 
7,265.9 -  1 percent intergranular porosity with large blocky calcite spar, micritized 
 allochems, patches of ferroan calcite  
 
7,273 -  3 percent primary porosity with occasional secondary moldic porosity, 
 multigenerational calcite spar (purple & pink), siliciclastic silt found in 
 conjunction with allochems that include gastropod and bivalve fragments  
 
7,290.2 -  1 percent porosity, completely micritized allochems that include gastropod 
 and bivalve fragments, some regions of ferroan calcite, veins are infilled with 
 large blocky calcite spar  
 
7,321.9 -  1 percent porosity,  85percent allochems that include foraminifera, 
 gastropods, and bivalve fragments, veins are infilled with siliciclastic silt,                                       





Table Mesa 29 
7,011 -  1 percent porosity, biomicritic, porosity has been lost to heavy infill by ferroan 
 calcite, occasional patches of siliciclastics, early meteoric cement has been 
 neomorphosed and overprinted by late spar 
 
7,023.9 -  2 percent both primary and secondary moldic porosity, bottom 1/3 of sample 
 contains ferroan calcite 
 
7,026.4 -  1 percent porosity, sample is biomicrite with bottom 1/3 dominantd by  
 styolites, ferroan calcite and siliciclastics infill lost porosity 
 
Table Mesa 3-18 
7,025.8 -  1 percent porosity, extremely rich in siliciclastic silt and quartz, allochems 
 include bivalve fragments, gastropods, bryozoan, and peloids, patches of organic 
 dead oil present, multigenerational calcite with an abundant ferroan calcite 
 content  
 
7,033 -  1 percent porosity, high percent of benthic foraminifera infilled by blocky 
 calcite spar, some compacted foraminifera due to loading, rich in siliciclastic silt 
 and quartz fragments  
 
7,037.2 -  2 percent porosity, high percent of ferroan calcite that dominants as the main 
 infill material, rich in earlier blocky spar, high percent of early meteoric cement 
 that comprises the majority of matrix, some allochems are encrusted by boring 
 foraminifera, neomorphosed peloids  
 
7,055.4 -  1 percent porosity, allochems are mainly large foraminifera infilled by  
 siliciclastic chalcedony, ferroan calcite is also present, allochems are   micrite  
 supported 
    
7,066.8 -  1.5 percent porosity, various fractures infilled by silt, standard allochems 
 most of which have been replaced by blocky spar, occasional patches of 
 chalcedony, some ferroan calcite  
 
7,076.8 -  1.5 percent porosity found primarily in fractures,  90 percent of section is 
 siliciclastics with random patches of blocky spar, some ferroan calcite  
 
7,079.8 -  1.0 percent porosity, styolites are present,  90 percent micritic sample with 
 fractures infilled by silt and organics, allochem suite is not as prolific, some 




7,082 -  0.5 percent porosity, a range of siliciclastics which include quartz and silt, 
 standard allochem suite infilled by blocky spar, some organics  
 
7,086.3 -  2 percent porosity, heavy in allochems that are micritized, original 
 intraparticle primary porosity has been filled by blocky spar 
 
7,096 -  2 percent porosity, section is primarily biomicrite with occasional fractures 
 infilled with silt, some organics, quartz fragments  
 
7,101.2 -  5 percent porosity including secondary moldic and primary intraparticle, 
 primary porosity is being infilled with blocky spar, ferroan calcite   
 
7,109 -  6 percent porosity including secondary moldic and primary intraparticle,  
 primary porosity is being infilled with blocky spar, ferroan calcite  
 
7,111.9 -  5 percent porosity, majority (2/3) is primary and 1/3 is secondary, most of 
 sample is blocky spar  
 
7,114.9 -  2 percent porosity including secondary moldic and primary intraparticle, 
 primary porosity is infilled with blocky spar, ferroan calcite, bottom of sample has 
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Transgressive Highstand Regressive Lowstand 
                   
Depth Porosity Depth Porosity Depth Porosity Depth Porosity
  6784 0.4 6847 0.4 6809 0.1 6803 0.5  
  6789 0.3 NA NA 6811 0.1 NA NA  
  6790 0.3 NA NA 6813 0.2 NA NA  
  6792 0.1 NA NA 6816 0.1 NA NA  
  6794 0.4 NA NA 6817 3.4 NA NA  
  6797 0.4 NA NA 6818 3.6 NA NA  
  6800 0.2 NA NA 6819 3.9 NA NA  
  6851 0.3 NA NA 6820 3.4 NA NA  
  6861 0.5 NA NA 6821 2.4 NA NA  
  NA NA NA NA 6822 4.4 NA NA  
  NA NA NA NA 6823 2.6 NA NA  
  NA NA NA NA 6824 3.8 NA NA  
  NA NA NA NA 6825 0.3 NA NA  
  NA NA NA NA 6828 0.2 NA NA  
  NA NA NA NA 6831 0.4 NA NA  
  NA NA NA NA 6840 0.1 NA NA  
  NA NA NA NA 6864 0.4 NA NA  
 NA NA NA NA 6866 0.2 NA NA  
       
 Notes:         





























































































          
          
Transgressive Highstand Regressive Lowstand 
                   
Depth Porosity Depth Porosity Depth Porosity Depth Porosity
  6539 0.9 6537 1.1 6501 2.1 6561 1.9  
  6540 1.1 6538 2 6502 1.6 6562 1.4  
  6541 0.9 6598 2.4 6503 1 6563 0.9  
  6542 1.6 6599 2.4 6504 0.7 6607 0.9  
  6543 1.8 6600 2 6505 1.6 6608 0.5  
  6544 1.7 NA NA 6506 1 NA NA  
  6548 1.7 NA NA 6507 1 NA NA  
  6549 2.3 NA NA 6508 1.2 NA NA  
  6550 1 NA NA 6509 1.4 NA NA  
  6551 1.7 NA NA 6510 1.4 NA NA  
  6552 2.8 NA NA 6512 0.6 NA NA  
  6553 3 NA NA 6513 0.8 NA NA  
  6554 2.8 NA NA 6514 0.8 NA NA  
  6555 1.6 NA NA 6515 1.5 NA NA  
  6556 1.7 NA NA 6516 2.5 NA NA  
  6557 2.3 NA NA 6517 1.1 NA NA  
  6601 1.1 NA NA 6518 1.1 NA NA  
  6602 1.5 NA NA 6519 1.2 NA NA  
  6603 2 NA NA 6520 1.4 NA NA  
  6604 3 NA NA 6521 1 NA NA  
  6605 1.5 NA NA 6522 1.1 NA NA  
  6606 1.2 NA NA 6523 1.7 NA NA  
  NA NA NA NA 6524 1.2 NA NA  
  NA NA NA NA 6525 3.3 NA NA  
  NA NA NA NA 6526 1.3 NA NA  
  NA NA NA NA 6527 0.8 NA NA  
  NA NA NA NA 6528 1.3 NA NA  
  NA NA NA NA 6529 1 NA NA  
  NA NA NA NA 6530 0.9 NA NA  
  NA NA NA NA 6531 2.6 NA NA  
  NA NA NA NA 6532 1.4 NA NA  
  NA NA NA NA 6533 1.5 NA NA  
  NA NA NA NA 6534 1.8 NA NA  
  NA NA NA NA 6535 2.9 NA NA  
  NA NA NA NA 6536 1.8 NA NA  
  NA NA NA NA 6564 1.5 NA NA  
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  NA NA NA NA 6565 1 NA NA  
  NA NA NA NA 6566 0.9 NA NA  
  NA NA NA NA 6567 1.2 NA NA  
  NA NA NA NA 6568 1 NA NA  
  NA NA NA NA 6569 0.5 NA NA  
  NA NA NA NA 6570 0.6 NA NA  
  NA NA NA NA 6571 0.9 NA NA  
  NA NA NA NA 6572 0.5 NA NA  
  NA NA NA NA 6573 0.7 NA NA  
  NA NA NA NA 6574 0.8 NA NA  
  NA NA NA NA 6575 1.1 NA NA  
  NA NA NA NA 6576 0.8 NA NA  
  NA NA NA NA 6577 1.6 NA NA  
  NA NA NA NA 6578 4.4 NA NA  
  NA NA NA NA 6579 1.2 NA NA  
  NA NA NA NA 6580 1.1 NA NA  
  NA NA NA NA 6581 1 NA NA  
  NA NA NA NA 6582 1 NA NA  
  NA NA NA NA 6583 0.7 NA NA  
  NA NA NA NA 6584 0.5 NA NA  
  NA NA NA NA 6585 2 NA NA  
  NA NA NA NA 6586 0.7 NA NA  
  NA NA NA NA 6587 1 NA NA  
  NA NA NA NA 6588 1.3 NA NA  
  NA NA NA NA 6589 1.1 NA NA  
  NA NA NA NA 6590 1.3 NA NA  
  NA NA NA NA 6591 1.1 NA NA  
  NA NA NA NA 6592 2 NA NA  
  NA NA NA NA 6593 0.6 NA NA  
  NA NA NA NA 6594 4.5 NA NA  
  NA NA NA NA 6595 3.9 NA NA  
  NA NA NA NA 6596 2.5 NA NA  
  NA NA NA NA 6597 5.2 NA NA  
  NA NA NA NA 6609 0.6 NA NA  
  NA NA NA NA 6610 0.7 NA NA  
  NA NA NA NA 6611 0.7 NA NA  
  NA NA NA NA 6612 0.6 NA NA  
  NA NA NA NA 6613 0.4 NA NA  
  NA NA NA NA 6614 1 NA NA  
  NA NA NA NA 6615 0.8 NA NA  
  NA NA NA NA 6616 1.1 NA NA  
  NA NA NA NA 6617 2.6 NA NA  
  NA NA NA NA 6618 1.7 NA NA  
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  NA NA NA NA 6619 1.1 NA NA  
  NA NA NA NA 6620 2 NA NA  
  NA NA NA NA 6621 3.6 NA NA  
  NA NA NA NA 6622 2.3 NA NA  
  NA NA NA NA 6623 1.8 NA NA  
  NA NA NA NA 6624 2 NA NA  
  NA NA NA NA 6625 2.6 NA NA  
          
 Notes:         













































































          
          
Transgressive Highstand Regressive Lowstand 
                   
Depth Porosity Depth Porosity Depth Porosity Depth Porosity
  6728 2 6725 1 6694 0.8 6693 0.7  
  6729 1.5 6726 1.7 6695 0.4 6735 1.2  
  6730 1.3 6727 1.7 6696 2.6 6736 0.8  
  6731 0.4 6751 0.8 6697 1.1 NA NA  
  6732 1.1 6752 6.1 6698 0.5 NA NA  
  6733 1.2 6753 1.2 6699 0.4 NA NA  
  6734 0.8 6754 1.5 6700 0.6 NA NA  
  NA NA NA NA 6701 0.6 NA NA  
  NA NA NA NA 6702 3.2 NA NA  
  NA NA NA NA 6703 5.9 NA NA  
  NA NA NA NA 6704 5.8 NA NA  
  NA NA NA NA 6705 5.3 NA NA  
  NA NA NA NA 6706 5.8 NA NA  
  NA NA NA NA 6707 2.8 NA NA  
  NA NA NA NA 6708 6.9 NA NA  
  NA NA NA NA 6709 1.6 NA NA  
  NA NA NA NA 6710 0.5 NA NA  
  NA NA NA NA 6711 1.1 NA NA  
  NA NA NA NA 6712 0.3 NA NA  
  NA NA NA NA 6713 2.5 NA NA  
  NA NA NA NA 6714 1.4 NA NA  
  NA NA NA NA 6715 6.6 NA NA  
  NA NA NA NA 6716 2.2 NA NA  
  NA NA NA NA 6717 0.4 NA NA  
  NA NA NA NA 6718 0.8 NA NA  
  NA NA NA NA 6719 0.8 NA NA  
  NA NA NA NA 6720 0.9 NA NA  
  NA NA NA NA 6721 0.8 NA NA  
  NA NA NA NA 6722 0.8 NA NA  
  NA NA NA NA 6723 0.6 NA NA  
  NA NA NA NA 6724 0.5 NA NA  
  NA NA NA NA 6737 1.4 NA NA  
  NA NA NA NA 6738 7.1 NA NA  
  NA NA NA NA 6739 1.4 NA NA  
  NA NA NA NA 6740 0.8 NA NA  
  NA NA NA NA 6741 1 NA NA  
  NA NA NA NA 6742 1 NA NA  
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  NA NA NA NA 6743 1.1 NA NA  
  NA NA NA NA 6744 0.9 NA NA  
  NA NA NA NA 6745 0.7 NA NA  
  NA NA NA NA 6746 0.7 NA NA  
  NA NA NA NA 6747 2.1 NA NA  
  NA NA NA NA 6748 2.4 NA NA  
  NA NA NA NA 6749 5 NA NA  
  NA NA NA NA 6750 3.6 NA NA  
          
 Notes:         












































































TABLE MESA #3-18 
          
          
Transgressive Highstand Regressive Lowstand 
                   
Depth Porosity Depth Porosity Depth Porosity Depth Porosity
  7064 1.12 7061 2.7 7026 0 7014 0  
  7065 2.44 7062 1.4 7027 0 7015 0  
  7066 0.58 7063 0.77 7030 0 7016 0  
  7067 0.55 7110 12.4 7031 0 7080 6.1  
  7068 0.91 7111 11.7 7032 0 7081 3.7  
  7069 0.76 7112 11.6 7033 0 7082 0  
  7070 0.8 7113 12.8 7034 0 NS NS  
  7071 0.6 7114 12 7035 0 NS NS  
  7072 0.7 NS NS 7036 0 NS NS  
  7073 1.9 NS NS 7039 0 NS NS  
  7074 3.2 NS NS 7040 2.3 NS NS  
  7075 8.6 NS NS 7041 9 NS NS  
  7076 13.5 NS NS 7042 14.4 NS NS  
  7077 10.2 NS NS 7043 6.9 NS NS  
  7078 10.5 NS NS 7044 1 NS NS  
  7079 4.8 NS NS 7045 2.6 NS NS  
  NS NS NS NS 7046 3.6 NS NS  
  NS NS NS NS 7047 3.3 NS NS  
  NS NS NS NS 7048 0.7 NS NS  
  NS NS NS NS 7049 1.5 NS NS  
  NS NS NS NS 7050 0.9 NS NS  
  NS NS NS NS 7051 1.1 NS NS  
  NS NS NS NS 7052 1.8 NS NS  
  NS NS NS NS 7053 1.5 NS NS  
  NS NS NS NS 7054 1.5 NS NS  
  NS NS NS NS 7055 1.9 NS NS  
  NS NS NS NS 7056 1.4 NS NS  
  NS NS NS NS 7057 1 NS NS  
  NS NS NS NS 7058 0.9 NS NS  
  NS NS NS NS 7059 0.7 NS NS  
  NS NS NS NS 7060 1.2 NS NS  
  NS NS NS NS 7083 3.3 NS NS  
  NS NS NS NS 7084 3.6 NS NS  
  NS NS NS NS 7085 4.3 NS NS  
  NS NS NS NS 7086 7 NS NS  
  NS NS NS NS 7087 2.3 NS NS  
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  NS NS NS NS 7088 1 NS NS  
  NS NS NS NS 7089 3.1 NS NS  
  NS NS NS NS 7090 3.6 NS NS  
  NS NS NS NS 7091 4 NS NS  
  NS NS NS NS 7092 2.1 NS NS  
  NS NS NS NS 7093 1 NS NS  
  NS NS NS NS 7094 1.3 NS NS  
  NS NS NS NS 7095 1.1 NS NS  
  NS NS NS NS 7096 0.9 NS NS  
  NS NS NS NS 7097 1.7 NS NS  
  NS NS NS NS 7098 4.9 NS NS  
  NS NS NS NS 7099 5.3 NS NS  
  NS NS NS NS 7100 7.8 NS NS  
  NS NS NS NS 7101 6.8 NS NS  
  NS NS NS NS 7102 4.8 NS NS  
  NS NS NS NS 7103 6.2 NS NS  
  NS NS NS NS 7104 6.7 NS NS  
  NS NS NS NS 7105 5.9 NS NS  
  NS NS NS NS 7106 3.7 NS NS  
  NS NS NS NS 7107 7.4 NS NS  
  NS NS NS NS 7108 10.5 NS NS  
  NS NS NS NS 7109 13.6 NS NS  
          
 Notes:         









































































TABLE MESA #24 
          
          
Transgressive Highstand Regressive Lowstand 
                   
Depth Porosity Depth Porosity Depth Porosity Depth Porosity
  7174 1.2 7172 1.4 7195 2.9 7192 2.2  
  7175 1.3 7173 4.6 7196 2 7193 2.9  
  7176 1.2 7236 2.3 7197 1.8 7194 1.3  
  7177 1.1 7237 2.2 7198 1.3 NA NA  
  7178 1.8 NA NA 7199 1 NA NA  
  7179 1.5 NA NA 7200 1.4 NA NA  
  7180 1.5 NA NA 7201 2.5 NA NA  
  7181 2.5 NA NA 7202 2.7 NA NA  
  7182 8.1 NA NA 7203 0 NA NA  
  7183 11.8 NA NA 7204 3.8 NA NA  
  7184 12.7 NA NA 7205 4.1 NA NA  
  7185 11.6 NA NA 7206 2.3 NA NA  
  7186 3.5 NA NA 7207 3.5 NA NA  
  7187 3.9 NA NA 7208 3.5 NA NA  
  7188 2.8 NA NA 7209 5.4 NA NA  
  7189 3.6 NA NA 7210 8.9 NA NA  
  7190 5.6 NA NA 7211 9.1 NA NA  
  7191 8 NA NA 7212 9.1 NA NA  
  7238 1.9 NA NA 7213 8.2 NA NA  
  7239 2.8 NA NA 7220 1.8 NA NA  
  7240 4.9 NA NA 7221 2 NA NA  
  7241 4.6 NA NA 7222 1.1 NA NA  
  7242 6.4 NA NA 7223 1.8 NA NA  
  7243 3.8 NA NA 7224 1.7 NA NA  
  NA NA NA NA 7225 0.8 NA NA  
  NA NA NA NA 7226 2 NA NA  
  NA NA NA NA 7227 1.1 NA NA  
  NA NA NA NA 7228 1.7 NA NA  
  NA NA NA NA 7229 1.1 NA NA  
  NA NA NA NA 7230 1.5 NA NA  
  NA NA NA NA 7231 1.6 NA NA  
  NA NA NA NA 7232 2.5 NA NA  
  NA NA NA NA 7233 1.4 NA NA  
  NA NA NA NA 7234 1.8 NA NA  
  NA NA NA NA 7235 2.2 NA NA  
          
 Notes:         














































































TABLE MESA #29 
          
          
Transgressive Highstand Regressive Lowstand 
                   
Depth Porosity Depth Porosity Depth Porosity Depth Porosity
  NA NA NA NA 7021 2.1 7020 1.4  
  NA NA NA NA 7022 2.9 NA NA  
  NA NA NA NA 7023 2 NA NA  
  NA NA NA NA 7024 2.4 NA NA  
  NA NA NA NA 7025 3 NA NA  
  NA NA NA NA 7026 3.4 NA NA  
  NA NA NA NA 7027 4 NA NA  
  NA NA NA NA 7028 5 NA NA  
        
 Notes:         
 NA = No data avaliable.        
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